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COMMUNICATION NODE RECEIPT OF NODE-OUTPUT INFORMATION FROM 
PROCESSORLESS CENTRAL EQUIPMENT 

TECHNICAL FIELD 

The invention in one embodiment relates generally to communications and more 
5 particularly to handling of information among central equipment and a plurality of 
communication nodes. 

BACKGROUND 

One implementation of a communication system employs time division multiplexing 
("TDM"). The communication system comprises central equipment connected with a 

1 0 plurality of communication nodes. The central equipment comprises switching capabilities. 

Strategies for time slot assignment and bandwidth assignment in the communication 
system aim to minimize requirements for bandwidth through the central equipment, especially 
to and from the communication nodes. The switching architecture of the communication 
system presents only a fractional part of the total system bandwidth to the communication 

1 5 nodes, especially remote nodes. 

For communication other than a voice conference, a narrowband signal sent through 
the fractional bandwidth from one communication node is switched, virtually, through the 
central equipment and delivered to another communication node. If a full duplex connection 
between communication nodes is required, a similar return path is set up. 

20 For a voice conference, a number of narrowband signals from participating 

communication nodes are sent through fractional bandwidth channels to the central equipment 
to be summed, and then sent through a fractional channel to each communication node 
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participating in the voice conference. There may be multiple simultaneous conferences. In 
addition, a communication node may contribute to more than one conference. 

To perform the above-described switching and conferencing, the central equipment 
requires significant processor power that comprises intelligence capabilities. In one example, 
5 the implementation employs many processors, for example, one processor for each of the 
communication nodes. In another example, the implementation employs a pair of massive 
processors for all the communication nodes. The requirement for this processor power in the 
central equipment presents an expense to the implementation of the communication system. 

Thus, a need exists for enhanced handling of information among central equipment 
10 and communication nodes. A further need exists for decreased requirements for intelligence 
capabilities of the central equipment. 

SUMMARY 

Pursuant to one embodiment of the invention, shortcomings of the existing art are 
overcome and additional advantages are provided through the provision of communication 

15 node receipt of node-output information from processorless central equipment. 

The invention in one embodiment encompasses a system. The system includes a first 
communication node of a plurality of communication nodes connected with processorless 
central equipment. The first communication node sends one or more first portions of 
node-output information to the processorless central equipment. One or more additional 

20 communication nodes of the plurality of communication nodes send one or more additional 
portions of node-output information to the processorless central equipment. The first 
communication node receives from the processorless central equipment a portion of 
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central-output information. The portion of central-output information comprises the one or 
more first portions of node-output information and the one or more additional portions of 
node-output information. 

Another embodiment of the invention encompasses a method. One or more first 
portions of node-output information are sent to processorless central equipment from a first 
communication node of a plurality of communication nodes connected with the processorless 
central equipment. One or more additional communication nodes of the plurality of 
communication nodes send one or more additional portions of node-output information to the 
processorless central equipment. A portion of central-output information is received from the 
processorless central equipment at the first communication node. The portion of 
central-output information comprises the one or more first portions of node-output 
information and the one or more additional portions of node-output information. 

A further embodiment of the invention encompasses an article. The article includes a 
computer-readable signal-bearing medium. The article includes means in the medium for 
sending one or more first portions of node-output information to processorless central 
equipment from a first communication node of a plurality of communication nodes connected 
with the processorless central equipment. The one or more additional communication nodes 
of the plurality of communication nodes send one or more additional portions of node-output 
information to the processorless central equipment. The article includes means in the medium 
for receiving at the first communication node a portion of central-output information from the 
processorless central equipment. The portion of central-output information comprises the one 
or more first portions of node-output information and the one or more additional portions of 
node-output information. 
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These and other features and advantages of one embodiment of the invention will 
become apparent from the description, the accompanying drawings, and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a functional block diagram of one example of a system that includes one or 
more instances of a communication node, one or more instances of central equipment, one or 
more instances of a passage, and one or more instances of information. 

FIG. 2 represents illustrative details of one example of a synchronization component 
of an instance of a communication node of the system of FIG. 1. 

FIGS. 3-4 represents illustrative details of one example of synchronization and 
self-configuration through employment of one or more portions of the system of FIG. 1. 

FIGS. 5-6 represents illustrative details of exemplary redundancy of a plurality of 
portions of the system of FIG. 1. 

FIG. 7 is similar to FIG. 1 and further illustrates exemplary details of one example of 
one or more instances of a buffer component in one or more instances of central equipment of 
the system of FIG. 1. 

DETAILED DESCRIPTION 

In one embodiment of the invention, a communication node receives node-output 
information from processorless central equipment. A detailed discussion of one exemplary 
embodiment of the invention is presented herein, for illustrative purposes. 

Turning to FIG. 1, system 100, in one example, includes a plurality of components 
such as computer software and/or hardware components. A number of such components can 
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be combined or divided in one example of system 100. System 100 in one example employs 
at least one computer-readable signal-bearing medium. One example of a computer-readable 
signal-bearing medium for system 100 comprises an instance of recordable data storage 
medium 102 (FIG. 5) such as one or more of a magnetic, electrical, optical, biological, and 
5 atomic data storage medium. In another example, a computer-readable signal-bearing 
medium for system 100 comprises a modulated carrier signal transmitted over a network 
comprising or coupled with system 100, for instance, one or more of a telephone network, a 
local area network ("LAN"), the Internet, and a wireless network. An exemplary component 
of system 100 employs and/or comprises a series of computer instructions written in or 

10 implemented with any of a number of programming languages, as will be appreciated by 
those skilled in the art. 

Referring again to FIG. 1, system 100 in one example comprises one or more 
components, for example, one or more instances of communication node 104, one or more 
instances of central equipment 106, one or more instances of passage 108, and one or more 

15 instances of information 120. 

Still referring to FIG. 1, communication node 104 in one example comprises one or 
more instances of one or more of a remote terminal, a radio interface, a telephone line 
interface, a data interface, a video interface, an air traffic control station, and a military 
command control station. For example, an operator (not shown) operates communication 

20 node 104. In one example, the operator comprises an air traffic controller that operates an air 
traffic control station that comprises communication node 104, to communicate with one or 
more pilots (not shown) that operate one or more airplanes (not shown), as will be appreciated 
by those skilled in the art. 
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Referring further to FIG. 1, communication node 104 in one example comprises one or 
more of output interface 140, input interface 142, and one or more instances of additional 
interface 540 (FIG. 5). Exemplary instances of communication node 104 comprise 
communication nodes 1 10, 1 12, 1 14, and 1 16. 

Again referring to FIG. 1, central equipment 106 in one example comprises one or 
more instances of gate 154, one or more instances of synchronization component 156, one or 
more instances of buffer component 922 (FIG. 7), one or more instances of timing generator 
component 158, one or more instances of control component 160, and one or more instances 
of passage 108. In one example, central equipment 106 is coupled with clock 162. In another 
example, central equipment 106 comprises clock 162. Exemplary instances of gate 154 
comprise AND gate 164 and OR gate 166. AND gate 164 in one example performs a logical 
AND function. Exemplary instances of AND gate 164 comprise AND gates 168, 170, 172, 
and 174. OR gate 166 in one example performs a logical OR function. Exemplary instances 
of synchronization component 156 comprise synchronization components 176, 178, 180, and 
182, as will be appreciated by those skilled in the art. 

Further referring to FIG. 1, central equipment 106 in one example comprises 
processorless central equipment 107. Processorless central equipment 107 in one example 
omits processor 502 (FIG. 5), as described herein. In one example, central equipment 106 
comprises one or more instances of one or more of a central core and a conference switch, for 
example, an air traffic control ("ATC") switch. In a further example, central equipment 106 
comprises input interface 144 and output interface 146. Exemplary instances of central 
equipment 106 comprise central equipment 1 18 and 518 (FIG. 5). 
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Still referring to FIG. 1, passage 108 in one example comprises a communications 
passage. For example, passage 108 serves to communicate one or more instances of 
information 120. In one example, passage 108 comprises a number of portions of one or 
more of a communications link, an electrical path, an optical path, a wireline path, and a 
5 hardware path. For example, passage 108 comprises fiberoptic passage 122. In another 
example, passage 108 comprises a copper passage. Exemplary instances of passage 108 
comprise passages 124, 126, 128, 130, 132, 134, 136, 138, 178, 180, 182, 184, 186, 188, 190, 
192, 194, 196, 198, 902, 904, 906, 908, 910, 912, 914, 916, 918, and 920. 

In one example, referring to FIG. 1, passages 124, 126, 128, 130, 132, 134, 136, and 
10 138 comprise respective instances of fiberoptic passage 122. In another example, passages 
124, 126, 128, 130, 132, 134, 136, and 138 comprise respective copper passages. In yet 
another example, any of passages 124, 126, 128, 130, 132, 134, 136, and 138 comprises a 
respective instance of fiberoptic passage 122 or a copper passage. For example, passages 124, 
126, 128, 130, 132, 134, 136, and 138 comprise respective instances of fiberoptic passage 122 
15 or respective copper passages. 

Referring further to FIG. 1, information 120 in one example comprises communication 
frame 402 (FIG. 4). Exemplary instances of information 120 comprise node-output 
information 150 and central-output information 152. Central-output information 152 in one 
example comprises total bandwidth 153. For example, central-output information 152 
20 comprises system backbone information, as described herein. 

Referring still to FIG. 1, central equipment 106 in one example is connected with a 
plurality of instances of communication node 108. For example, central equipment 118 is 
connected with communication nodes 1 10, 1 12, 1 14, and 1 16. In one example, passages 124, 
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128, 132, and 136 serve to couple output interface 140 of communication nodes 110, 112, 
114, and 116, respectively, with input interface 144 of central equipment 118. In a further 
example, passages 126, 130, 134, and 138 serve to couple output interface 146 of central 
equipment 118 with input interface 142 of communication nodes 110, 112, 114, and 116, 
respectively. 

Again referring to FIG. 1, system 100 comprises a plurality of instances of 
communication node 104 connected with central equipment 106, for example, processorless 
central equipment 107. A first instance of communication node 104 in one example sends an 
instance of node-output information 150 to processorless central equipment 106. One or more 
additional instances of communication node 104 in one example send one or more additional 
instances of node-output information 150 to the processorless central equipment. 

Referring still to FIG. 1, in one example, the first instance of communication node 104 
sends a subportion of all output information from that instance of communication node 104 to 
central equipment 106. In another example, the first instance of communication node 104 
sends all output information from that instance of communication node 104 to processorless 
central equipment 106. In a further example, an additional instance of communication node 
104 sends a subportion of all output information from that instance of communication node 
104 to processorless central equipment 106. In yet another example, an additional instance of 
communication node 104 sends all output information from that instance of communication 
node 104 to central equipment 106. 

Again referring to FIG. 1, the first instance of communication node 104 in one 
example receives a portion of central-output information 152 from central equipment 106. 
The portion of central-output information in one example comprises one or more portions of 
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node-output information 150. In one example, the portion of central-output information 
comprises all portions of node-output information 150 from all instances of communication 
node 104 in system 100. 

Referring still to FIG. 1, in one example, the portion of central-output information 152 
5 comprises a subportion of all output information from a particular instance of central 
equipment 106. In another example, the portion of central-output information 152 comprises 
all output information from a particular instance of central equipment 106. Central equipment 
106 in one example sends central-output information 152 to all instances of communication 
node 104 in system 100. In another example, central equipment 106 sends central-output 
10 information 152 to a plurality of instances of communication node 104, though less than all 
instances of communication node 104, in system 100. 

Again referring to FIG. 1, communication node 104 in one example processes any one 
or more portions of central-output information 152 from central equipment 106. For example, 
communication node 104 can select any one or more portions of central-output information 
15 152. In a further example, communication node 104 processes any one or more portions of 
node-output information in central-output information 152 from central equipment 106. In a 
still further example, communication node 104 processes any one or more portions of node- 
output information from any one or more instances of communication node 104. 

Referring again to FIG. 1, communication node 104 and central equipment 106 in one 
20 example communicate through employment of time division multiplexing ("TDM"). In one 
example, a plurality of instances of communication node 104 and one or more instances of 
central equipment 106 comprise a time division multiplexing architecture. For example, 
communication node 104 and central equipment 106 employ a standard time division 
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multiplexing format such as Optical Carrier 1 ("OC-1," 51.8-MHz) or Optical Carrier 3 ("OC- 
3," 155.4-MHz). In one example, communication node 104 and central equipment 106 
employ a plurality of instances of communication frame 402. Communication frame 402 in 
one example comprises a time duration of 125 microseconds (^sec) and a repetition frequency 
of 8000 times per second, as will be appreciated by those skilled in the art. 

In a further example, referring to FIG. 1, communication frame 402 is divided into a 
number N instances of time slot 148. The number N instances of time slot 148 in one 
example are ordered in time, and repeat themselves in each instance of communication frame 
402. For example, the number N instances of time slot 148 are identified as 0 through m, 
where m = N-l. The number N instances of time slot 148 in one examples varies depending 
upon constraints of system 100. In one example, the number N instances of time slot 148 in 
communication frame 402 is between 500 and 2500. 

Referring still to FIG. 1, communication node 104 in one example sends node-output 
information 150 to central equipment 106 in communication frame 402. In a further example, 
communication node 104 receives central-output information 152 from central equipment 106 
in the communication frame 402. 

Still referring to FIG. 1, an instance of communication node 104 in one example is 
assigned one or more instances of time slot 148, possibly, though not necessarily, 
sequentially, designating when that instance of communication node 104 is to send one or 
more portions of its respective instance of node-output information 150. In a further example, 
each instance of communication node 104 is assigned a distinct set of instances of time slot 
302 upon initialization of system 100. So, no two or more instances of communication node 
104 share a same instance of time slot 148. 
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Referring further to FIG. 1, system 100 in one example pre-assigns one or more 
instances of time slot 148 to one or more instances of communication node 104. For example, 
system 100 performs pre-assignment of one or more instances of time slot 148 upon 
initialization of one or more instances of communication node 104. In a further example, 
system 100 pre-assigns all instances of time slot 148. 

Again referring to FIG. 1, communication node 104 in one example sends node-output 
information 150 to central equipment 106 within 404 interval before a pre-assigned instance 
of time slot 148 of a set of time slots that comprise communication frame 402 of 
central-output information 152. hi one example, communication node 104 receives 
node-output information 150 from processorless central equipment 106 in the pre-assigned 
instance of time slot 148 of the set of time slots that comprises communication frame 402 of 
central-output information 152. In a further example, central equipment 106 in one example 
gates node-output information 150 with clock 162 to obtain node-output information 152 in 
the pre-assigned instance of time slot 148 of the set of time slots that comprises 
communication frame 402 of central-output information 152. 

In a further example, referring to FIG. 1, communication node 104 sends a second 
instance of node-output information 150 to central equipment 106 within interval 406 before a 
second instance of time slot 148 of communication frame 402 of central-output information 
152. Communication node 104 in one example receives the second instance of node-output 
information 152 from central equipment 106 in the second instance of time slot 148 of 
central-output information 152. 

Again referring to FIG. 1, each instance of communication node 104 in one example 
sends its respective instance of node-output information 150 to central equipment 106. 
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Central equipment 106 in one example synchronizes, gates, and combines the instances of 
node-output information 150 to form system backbone information that comprises 
central-output information 152. Central-output information 152 in one example comprises all 
the instances of node-output information 150. In one example, central equipment 106 
distributes all the instances of node-output information 150 to each instance of 
communication node 104. So, all instances of communication node 104 in one example have 
unrestricted access to all the instances of node-output information 150, for example, the 
system backbone information. 

Still referring to FIG. 1, communication node 104 in one example sends node-output 
information 150 to central equipment 106, and receives from central equipment 106 
node-output information 150 in time slot 148 of communication frame 402 of central-output 
information 152. In a further example, communication node 104 compares one or more 
values of node-output information 104 with one or more values from the particular instance of 
time slot 148 of communication frame 402 of central-output information 152 to check 
correctness of operation of one or more portions of system 100. 

Turning to FIG. 2, synchronization component 156 in one example comprises one or 
more instances of delay component 202, one or more instances of flip-flop component 204, 
one or more instances of passage 108, one or more instances of detector component 206, one 
or more instances of translate and decode component 208, and one or more instances of 
multiplexer component 210. Multiplexer component 210 in one example comprises a l-of-8 
line switch. One or more instances of synchronization component 156 in one example 
comprise a field programmable gate array ("FPGA"), as will be appreciated by those skilled 
in the art. 
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Referring to FIGS. 1-2, respective instances of node-output information 150 on 
passages 124, 128, 132, and 136 from output interface 140 of communication nodes 110, 112, 
114, and 116, respectively, in one example are frequency-locked to clock 162. In a further 
example, phase relationships of the respective instances of node-output information 150 from 
communication nodes 110, 112, 114, and 116 relative to clock 162 are unknown. So, 
synchronization component 156 in one example asserts delay that serves to cause an instance 
of node-output information 150 to be at a stable point in its cycle simultaneously with edges 
of clock 162. For example, synchronization component 156 serves to synchronize a stable 
part of node-output information 150 with an edge in a cycle of clock 162. Each instance of 
node-output information 150 from communication nodes 110, 112, 114, and 116 in one 
example is coupled with a respective instance of synchronization component 156, as will be 
appreciated by those skilled in the art. 

Referring again to FIGS. 1-2, synchronization component 156 in one example 
distributes respective instances of node-output information 150 from communication nodes 
1 10, 1 12, 1 14, and 1 16 into eight phases, for example, nominally over a single bit period. In 
one example, detector component 206 searches the outputs of the instances of flip-flop 
component 204 for an anomaly which, although infrequent, indicates that a phase of the 
corresponding instance of node-output information 150, from an instance of communication 
node 104, and clock 162 have had nearly simultaneous transitions. Detector component 206 
in one example selects the most stable phase of the corresponding instance of node-output 
information 150, which corresponds to an output of the instance of flip-flop component 204 
that is the greatest relative distance from the instance of flip-flop component 204 showing the 
anomaly. 
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In a further example, referring to FIGS. 2 and 7, detector component 206 switches the 
output of the instance of flip-flop component 204 that is the greatest relative distance from the 
instance of flip-flop component 204 showing the anomaly, through multiplexer component 
210 to a corresponding instance of buffer component 922. Since detected anomalies in one 
example are infrequent, memory 212 of detector component 206 stores a value from any last 
change of an output of an instance of flip-flop component 204 that is a greatest relative 
distance from an instance of flip-flop component 204 showing an anomaly. 

Still referring to FIGS. 1-2, detector component 206 in one example during 
initialization of system 100 selects an output of an instance of flip-flop component 204 that is 
a greatest relative distance from an instance of flip-flop component 204 showing an anomaly, 
and does not change this selection since in one example lengths of instances of passage 108 
between an instance of central equipment 106 and respective instances of communication 
node 104 are fixed during installation. In one example, system 100 employs signal 
scrambling techniques for instances of node-output information 150 during initialization of 
system 100, for example, to ensure frequent bit activity and aid in bit synchronization, as will 
be appreciated by those skilled in the art. 

For example, referring to FIGS. 1-2, central equipment 106 determines a zero or more 
amount of delay to assert for relative synchronization between a stable part of node-output 
information 150 and a clock edge that is employed to produce central-output information 152. 

In one example, referring to FIGS. 1-2, synchronization of the stable parts of 
respective instances of node-output information 150 from respective instances of 
communication node 104, with the edges of clock 162 allows an instance of central equipment 
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106 to employ advantageously simple and high-speed logic for combination of the instances 
of node-output information 150 into an instance of central-output information 152. 

Referring again to FIGS. 1-2, an illustrative description of exemplary operation of one 
or more portions of system 100 is now presented, for explanatory purposes. For Optical 
Carrier 1 ("OC-1," 51. 8-MHz) speeds, each instance of communication frame 402 at start 404 
(FIG. 4) in one example comprises two framing bytes with a given pattern. In another 
example, each instance of communication frame 402 at start 404 comprises six framing bytes, 
interlaced in a nine byte pattern at the beginning for Optical Carrier 3 ("OC-3 " 155.4-MHz). 

Referring still to FIGS. 1-2, advantageous simplicity of this synchronization and 
multiplexing process in one example promotes low delays in system 100. In one example, an 
instance of communication frame 402 in one or more instances of node-output information 
150 sent from any instance of communication node 104 is received by all instances of 
communication node 104 in a same instance of communication frame 402 of one or more 
instances of central-output information 152 from an instance of central equipment 106. 

If system 100 in one example, referring to FIG. 1, were to synchronize sending of one 
or more instances of communication frame 402 in one or more instances of node-output 
information 150 from one or more instances of communication node 104 to one or more 
instances of central equipment 106, with receipt by the one or more instances of 
communication node 104 of one or more instances of communication frame 402 in one or 
more instances of central-output information 152 from the one or more instances of central 
equipment 106, then, due to signal-propagation delay through one or more instances of 
passage 108, one or more instances of communication frame 402 in one or more instances of 
node-output information 150 in one example would arrive at central equipment 106 
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undesirably after a start of formation by the one or more instances of central equipment 106 of 
a next instance of communication frame 402 for one or more instances of central-output 
information 152. This in one example would disadvantageously require buffering of an 
instance of communication frame 402 from each instance of communication node 104 until a 
start of formation by the one or more instances of central equipment 106 of a subsequent 
instance of communication frame 402 for central-output information 152. 

So, turning to FIGS. 3-4, communication node 104 in one example sends node-output 
information 150 to central equipment 106 no later than interval 406 before start 404 of 
communication frame 402 in which that communication node 104 receives central-output 
information 152 from central equipment 106. A time duration of interval 406 in one example 
is minor relative to a time duration of communication frame 402. 

In another example, referring to FIGS. 3-4, communication node 104 sends 
node-output information 150 to central equipment 106 within interval 406 before a particular 
instance of time slot 148 of communication frame 402 of central-output information 152. In a 
further example, communication node 104 receives node-output information 150 from central 
equipment 106 in the particular instance of time slot 148 of communication frame 402 of 
central-output information 152. 

In a further example, referring to FIGS. 3-4, a plurality of instances of communication 
node 104 send node-output information 150 to central equipment 106 no later than an interval 
406 before start 404 of communication frame 402 in which the plurality of instances of 
communication node 104 receive central-output information 152 from central equipment 106. 
In one example, each instance of communication node 104 receives central-output 
information 152 in a respective instance of communication frame 402, for example, over a 
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respective instance of passage 108. The instances of communication frame 402 in one 
example comprise an approximately same time duration. 

This in one example, referring to FIGS. 3-4, presents a need for only advantageously 
small one or more instances of buffer component 922 to compensate for differences in signal- 
propagation delay from different instances of communication node 104 to central equipment 
106. In a further example, this serves to advantageously avoid delay by desirably allowing 
inclusion of one or more instances of node-output information 150 from one or more 
instances of communication node 104 in a same instance of communication frame 402 of one 
or more instances of central-output information 152. 

In a further example, referring to FIGS. 3-4, central equipment 106 receives 
node-output information 150 no earlier than interval 406 before start 404 of communication 
frame 402 in which central equipment 106 sends central-output information 152 to a plurality 
of instances of communication node 104. In a still further example, central equipment 106 
receives node-output information 150 within interval 406 before time slot 148 of 
communication frame 402 of central-output information 152. For example, central equipment 
106 sends node-output information 150 to communication node 104 in time slot 148 of 
communication frame 402 of central-output information 152. In one example, central 
equipment 106 within communication frame 402 employs a plurality of instances of 
node-output information 150 from a plurality of instances of communication node 104 to 
produce central-output information 152, and within the same instance of communication 
frame 402 send central-output information 152 to the plurality of instances of communication 
node 104. 
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Again referring to FIGS. 3-4, interval 406 in one example is a function of transmission 
speed of instances of passage 108 (e.g., passages 124, 128, 132, and 136) that carry instances 
of node-output information 150, length of the instances of passage 108, and size of instances 
of buffer component 922. hi one example, interval 406 is (e.g., approximately) equal to a 
maximal signal-propagation delay over passages 124, 128, 132, and 136, for example, that 
comprise respective instances of fiberoptic passage 122 or respective copper passages. For 
example, a time duration of interval 406 is approximately equal to a maximal expected signal- 
propagation delay between central equipment 106 and a plurality of instances of 
communication node 104 over a respective plurality of operable instances of passage 108. 
Interval 406 in one example is 1.23 microseconds (usee). In one example, a time duration of 
interval 406 is minor relative to a time duration (e.g., 125 microseconds) of communication 
frame 402. In a further example, interval 406 is less than five percent of a time duration of 
communication frame 402. In another example, interval 406 is less than one percent of a time 
duration of communication frame 402. 

Still referring to FIGS. 3-4, communication node 104 in one example receives 
central-output information 152 from central equipment 106 in time slot 148 of communication 
frame 402 within another instance of interval 406, for example, with a time duration that is 
minor relative to a time duration of communication frame 402. 

Further referring to FIGS. 3-4, an illustrative description of exemplary parameters for 
one or more portions of system 100 is now presented, for explanatory purposes. One example 
of (e.g., practical) parameters for a small system using Optical Carrier 1 ("OC-1," 51.8-MHz) 
for communication between communication node 104 and central equipment 106 and N = 810 
instances of time slot 148 in communication frame 402 are: size of buffer component 922 = 
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64 bits; maximum allowed distance between communication node 1 04 and central equipment 
106 over passage 108 = 122 meters (400 feet); size of buffer component 922 to number of 
bits per instance of communication frame 402 at 51.8 MHz. = 0.988%, for example, less than 
one percent of communication frame 402. 
5 In one example, referring to FIGS. 3-4, a size of buffer component 922 (e.g., 64 bits) 

in central equipment 106 and a time duration ahead that communication node 104 sends its 
data before receiving its allocated bytes in communication frame 402 (e.g., also 64 bits), 
serves in one example to determine what distance communication node 104 can be from 
central equipment 106. Using 64 bits in one example, the speed of light in fiber optics, and an 

10 exemplary propagation time through central equipment 106, communications node 104 in one 
example can be from 0.3 to 121.9 meters (1 to 400 feet) from central equipment 106. In 
another example, larger instance of buffer component 922 in central equipment 106 and pre- 
send time for communication node 104 would allow for greater distances. 

Referring still to FIGS. 3-4, STEPS 302, 304, 306, 308, 310, and 312 in one example 

15 serve to illustrate exemplary synchronization and self-configuration through employment of 
one or more portions of system 100, for explanatory purposes. In one example, STEPS 302, 
304, and 306 serve to illustrate one or more portions of exemplary synchronization of 
communication frame 402 in node-output information 150 and communication frame 402 for 
central-output information 152. At STEP 302 in one example communication node 104 sends 

20 communication frame 402 in node-output information 150 interval 406 before start 404 of 
formation by central equipment 106 of a next instance of communication frame 402 for 
central-output information 152. At STEP 304 in one example central equipment 106 receives 
communication frame 402 in node-output information 150 interval 406 before start 404 of 
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formation by central equipment 106 of a next instance of communication frame 402 for 
central-output information 152. At STEP 306 in one example buffer component 922 serves to 
align communication frame 402 of node-output information 150 with communication frame 
402 of central-output information 152. 

In another example, referring to FIGS. 3-4, STEPS 302, 304, 306, 308, 310, and 312 
serve to illustrate one or more portions of exemplary identification of instances of time slot 
148 that are assigned to an instance of communication node 104. For example, STEPS 302, 
304, 306, 308, 310, and 312 serve to illustrate exemplary self-configuration of an instance of 
communication node 104 through employment of central equipment 106. At STEP 302 in 
one example communication node 104 initializes and transmits a unique bit pattern in every 
instance of time slot 148 of communication frame 402 in node-output information 150. STEP 
304 and 306 in one example proceed as discussed above. At STEP 308 in one example 
central equipment 106 employs an instance of AND gate 164 to allows data to pass only in 
one or more instances of time slot 148 assigned to that instance of communication node 104. 
In a further example, this AND gating serves as a safety protection against any instance of 
communication node 104 (e.g., inadvertently) transmitting data in an instance of time slot 148 
not assigned to the particular instance of communication node 104. 

Again referring to FIGS. 3-4, at STEP 310 in one example central equipment 106 
employs OR gate 166 to combine the filtered data from all the instances of communication 
node 104 to form the system communications backbone, for example, node-output 
information 150. At STEP 312 the initializing instance of communication node 104 receives 
the next instance of communication frame 402 of node-output information 150 from central 
equipment 106 and looks to see which one or more instances of time slot 148 in that instance 
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of communication frame 402 of node-output information 150 contains the unique bit pattern 
transmitted by the initializing instance of communication node 104. The one or more 
instances of time slot 148 of node-output information 150 containing the unique bit pattern 
are one or more instances of time slot 148 that assigned to the particular instance of 
communication node 104. 

Further referring to FIGS. 3-4, communication node 104 in one example sends 
node-output information 150 to central equipment 106 in at least a majority of instances of 
time slot 148 of a first set of time slots that corresponds to at least a majority of instances of 
time slot 148 of a second set of time slots of central-output information 152. In one example, 
communication node 104 identifies one or more time slots of the second set of time slots that 
are assigned to that instance of communication node 104 through identification of the 
particular instance of node-output information 150 in each of the time slots of the second set 
of time slots of the instance of central-output information 152. For example, communication 
node 104 sends the particular instance of node-output information 150 to central equipment 
106 in one or more time slots of the first set of time slots contemporaneously with receipt by 
that instance of communication node 104 of one or more time slots of the second set of time 
slots of the portion of the instance of central-output information 152. 

Again referring to FIGS. 3-4, communication node 104 in one example sends 
node-output information 150 to central equipment 106 in an instance of time slot 148, not 
assigned to the particular instance of communication node 104, of a first set of time slots that 
corresponds to a time slot, not assigned to the particular instance of communication node 104, 
of a second set of time slots of central-output information 152. Central equipment 106 in one 
example withholds the instance of node-output information 150 from the time slot, not 
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assigned to the communication node, of the second set of time slots of the central-output 
information through clock gating of the instance of node-output information 150 in the time 
slot, not assigned to the first communication node, of the first set of time slots. 

Turning to FIGS. 5-6, an illustrative description of exemplary redundancy of a 
plurality of portions of system 100 is now presented, for explanatory purposes. Unless one or 
more communication failures in system 100 interfere, one or more (e.g., all) instances of 
communication node 104 receive same data in instances of central-output information 152 
from respective instances of central equipment 106. In a further example, absent interfering 
communication failure in system 100, one or more (e.g., all) instances of communication node 
104 send same data in instances of node-output information 150 to respective instances of 
central equipment 106. 

Again referring to FIGS. 5-6, central equipment 118 and 518 in one example send to 
communication node 104, same data in respective instances of central-output information 152. 
In a further example, central equipment 1 18 and 518 receive same data in respective instances 
of node-output information 150 from communication node 104. 

Referring still to FIGS. 5-6, same data in instances of central-output information 152 
from respective instances of central equipment 106 in one example are not aligned, bit by bit, 
but in one example are nearly aligned in their respective instances of communication frame 
402. In one example, communications node 104 employs two identical instances of bit and 
frame synchronizer component 602, for example, to extract and line up the instances of 
central-output information 152 for processing by processor 502. 

Further referring to FIGS. 5-6, processor 502 in one example performs one or more 
tests on the instances of central-output information 152, for example, to determine occurrence 
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of one or more failures or problems. In one example, should an instance of communication 
node 104 determine that the instances of central equipment 106 and connecting instances of 
passage 108 are fully operational, communication node 104 employs a default selection for an 
active link, for example, one or more instances of passage 108 between the instance of 
communication node 104 and central equipment 118. In a further example, if an instance of 
communication node 104 detects a problem in central equipment 118 and/or one or more 
connecting instances of passage 108, the instance of communication node 104 in one example 
automatically switches the active link to central equipment 518. 

Again referring to FIGS. 5-6, notwithstanding which instance of central equipment 
106 an instance of communication node 104 selects for an active link, each instance of 
communication node 104 in one example continuously sends same data in respective 
instances of node-output information 150 to each instance of central equipment 106. This in 
one example advantageously allows each instance of communication node 104 actively using 
any (e.g., either) instance of central equipment 106 to have access to data from all instances of 
communication node 104 in system 100. 

In one example, referring to FIGS. 5-6, communication node 104 processes 
information generated during operation of the communication node to select a subportion 
central-output information 152 from central equipment 118 for employment by the 
communication node, and a subportion of central-output information 152 from central 
equipment 518 for employment by the communication node. For example, communication 
node 104 compares one or more values of node-output information 150 with one or more 
values of a portion of information from central equipment 1 18 in time slot 148 of a first set of 
time slots that comprises a first communication frame in which the communication node 
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receives from the first processorless-central equipment central-output information 152. In a 
further example, communication node 104 compares one or more values of node-output 
information 150 with one or more values of a portion of information from central equipment 
518 in the time slot of a second set of time slots that comprises a second communication 
5 frame in which the communication node receives from central equipment 518 central-output 
information 152. In a still further example, communication node 104 employs the 
comparisons to select either a portion of central-output information 152 from central 
equipment 118 or a portion of central-output information 152 from central equipment 518, for 
employment by the communication node in conjunction with the time slot of the first set of 

10 time slots and in conjunction with the time slot of the second set of time slots. 

Returning to FIG. 1, in one example, one or more instances of communication node 
104 comprise one or more instances of a maintenance node that receives and monitors 
central-output information 152 from central equipment 106, for example, to check correctness 
of operation of one or more portions of system 100. In a further example, an instance of 

15 communication node 104 that comprises a maintenance node sends one or more report 
portions in node-output information 150 to central equipment 106, as will be appreciated by 
those skilled in the art. 

A frame synchronizer for a given line in one example uses the data stream that has 
been bit synchronized, sends the bit stream through a 64 bit shift register, and continually 

20 searches for a framing bit pattern. When a pattern has been found, the delay count gate flip- 
flop in one example is set, which allows the distance counter in one example to count up until 
the delay count gate flip-flop is reset by the internal frame signal. The value in the distance 
counter in one example is used to translate to a value stored and to select one of 64 outputs of 
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the shift register connected to one of 64 inputs to a multiplexer. This in one example provides 
an adjustable delay, and aligns the external frame to the internal frame marker. 

The flow diagrams depicted herein are just exemplary. There may be many variations 
to these diagrams or the steps or operations described therein without departing from the spirit 
5 of the invention. For instance, the steps may be performed in a differing order, or steps may 
be added, deleted, or modified. 

Although exemplary embodiments of the invention have been depicted and described 
in detail herein, it will be apparent to those skilled in the relevant art that various 
modifications, additions, substitutions, and the like can be made without departing from the 
10 spirit of the invention and these are therefore considered to be within the scope of the 
invention as defined in the following claims. 
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